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中  文  摘  要 
核磁共振定域谱（MRS）是获得活体内生化参数定量信息和诊断信息的唯一








编码和解码原理进行了较详细的描述，并对 π chirp 绝热脉冲和恒时相位调制机
理做了简单的介绍。 










































Study on Ultrafast Localized Two-Dimensional MR Spectroscopy 




Localized magnetic resonance spectroscopy (MRS) is the only non-invasive 
technique for acquiring in vivo biochemical and diagnostic information. The spectral 
resolution of one-dimensional (1D) 1H MRS is often low due to narrow chemical shift 
range and spin-spin splitting of J-coupled resonances. Localized 2D MRS was 
introduced to greatly alleviate this problem through spreading resonances on a 2D 
plane. However, long 2D acquisition time limits its wide application. Spatial encoding 
technique can be used to obtain a two-dimensional (2D) NMR spectrum within a 
single scan, thus greatly shortening the experimental time. Through combining the 
spatial encoding technique with 2D MRS,it can not only solve the problem of long 
acquisition time,but also remove the linear magnetic inhomogeneity in the z direction. 
In this paper, based on spatially-encoded technique and 2D MRS, two new pulse 
sequences were developed to enable the acquisition of a 2D localized correlated 
spectroscopy in the order of seconds. The main results of this thesis are summarized 
as follows: 
1. We introduced several kinds spatial localization methods, and the principles of 
spatially encoded single-scan ultrafast method were also systematically and 
comprehensively introduced. The mechanism of the π chirp pulses and 
indirect-domain constant-time encoding were described simply. 
2. 1D in vivo 1H MRS has the problems of peak crowding, low spectral 
resolution and difficult peak identification. The two-dimensional (2D) MRS has been 
introduced to address these problems to a large extent, but it has the limitation of long 
















spectroscopy based on spatially encoded technique. It can acquire a 2D localized 
spectroscopy in seconds and it also can overcome the linear magnetic inhomogeneity 
in z direction in the F2 dimension. The SNR of the spatially encoded ultrafast 2D 
MRS were analyzed briefly. 
3. Above on, an ultrafast 2D localized spin echo correlated spectroscopy based 
on spatially-encoded technique was developed. Through this sequence, we can get the 
information on chemical shift and J-coupling similar to SLCOSY from the 2D spectra. 
The new methods can remove the linear magnetic inhomogeneity in z direction in the 
F2 dimension. Except that, the evolution of spins in the F1 dimension was 
insusceptible to the field inhomogeneities.  
 

































的，自旋量子数为 I 的原子核在外磁场作用下只可能有 2I+1 个取向，每一
个取向都可以用一个自旋磁量子数 M 来表示，M 与 I 之间的关系是：  
M = I，I-1，I-2… -I  
例如
1
H 原子核在外磁场下能级分裂形成 α 和 β 两种核自旋态。在热平衡态
下两种核自旋态按 Boltzmann 分布布居，使 α 态的集居数大于 β 态的集居数，最






















核磁矩沿外磁场方向进动的频率称为 Larmor 频率 ω0 或共振频率，其大小取
决于原子核的种类及外磁场的大小(见式 1.1)。 
                      ω0 = 2πν0 = γB0                         ( 1.1 ) 
原子核的每一种取向都代表了核在该磁场中的一种能量状态。正向排
列的核能量较低，逆向排列的核能量较高。相邻能量态之间的能量差为 ΔE。
一个核要从低能态跃迁到高能态，必须吸收 ΔE 的能量。如果在外磁场 B0 垂
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